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GAS TURBINE ENGINE ASSEMBLY AND
METHOD OF ASSEMBLING SAME

BACKGROUND OF THE INVENTION

This invention relates generally to gas turbine engines, and
more specifically to methods and apparatus for operating gas
turbine engines.

At least one gas turbine engine includes 1n serial flow
arrangement, a low-pressure compressor, a high-pressure
compressor for compressing air channeled from the low-
pressure compressor, a combustor in which fuel 1s mixed with
the compressed air and 1gnited to form a high temperature gas
stream, and a high-pressure turbine coupled to the high-pres-
sure compressor. The high-pressure compressor, combustor
and high-pressure turbine are sometimes collectively referred
to as the core engine. Moreover, at least one known gas
turbine engine includes an intermediate turbine coupled to the
low-pressure compressor, and a iree or power turbine that 1s
driven by gases discharged from the high and intermediate
pressure turbines.

During operation, air 1s compressed by the low-pressure
compressor and collected by a plurality of pipes and scrolls
and then channeled through an intercooler that is coupled
remotely from the gas turbine engine. The cooled air 1s then
channeled back to the high-pressure compressor through
another set of pipes and scrolls. The high-pressure turbine
drives the high-pressure compressor through a shait. The
intermediate pressure turbine drives the low-pressure com-
pressor through a second shait and the power turbine drives a
load, e.g. a generator, through a third shatft.

However, since the gas turbine engine includes three sepa-
rate shafts, and also includes a plurality of pipes and scrolls to
channel the compressed air from the low-pressure compres-
sor to the intercooler and then back to the high-pressure
compressor, the gas turbine engine 1s relatively complex, and
therefore requires additional time and costs to manufacture.

BRIEF DESCRIPTION OF THE INVENTION

In one aspect, amethod for assembling a gas turbine engine
assembly 1s provided. The method includes providing a core
gas turbine engine including a high-pressure compressor, a
combustor, and a high-pressure turbine, and coupling a low-
pressure compressor between the core gas turbine engine and
a motor such that the low-pressure compressor 1s driven only
by the motor.

In another aspect, a gas turbine engine assembly 1s pro-
vided. The gas turbine engine assembly includes a core gas
turbine engine comprising a high-pressure compressor, a
combustor, and a high-pressure turbine, and a motor, and a
low-pressure compressor coupled between the core gas tur-
bine engine and the motor such that the low-pressure com-
pressor 1s driven only by the motor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an exemplary gas turbine
engine assembly; and

FIG. 2 1s a block diagram of an exemplary variable fre-
quency drive (VFD) that may be used with the gas turbine
engine assembly shown 1n FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 1s a block diagram of an exemplary gas turbine
engine assembly 8 including a core gas turbine engine 10.
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Core gas turbine engine 10 includes, 1n seral tlow relation-
ship, a high-pressure compressor 16, a combustor 18, and a
high-pressure turbine 20. High-pressure turbine 20 1s coupled
to high-pressure compressor 16 with a first rotor shatit 22 that
1s substantially coaxially aligned with respect to a longitudi-
nal centerline axis 24 of core gas turbine engine 10. In one
embodiment, core gas turbine engine 10 1s an LMS 100 core
gas turbine engine.

(as turbine engine assembly 8 also includes a low-pressure
compressor or booster 30 having an inlet 32 and an outlet 34,
and a booster duct 36 having an 1nlet 38 and an outlet 40. In
the exemplary embodiment, booster duct 36 1s coupled axi-
ally downstream from booster compressor 30 such that air
discharged from booster compressor outlet 34 1s channeled
directly into booster duct ilet 38. Moreover, booster duct 36
1s substantially coaxially aligned with respect to a longitudi-
nal centerline axis 24 of core gas turbine engine 10.

(Gas turbine engine assembly 8 also includes an intercooler
50 having an airflow 1nlet 52 and an airflow outlet 34, and a
high-pressure compressor inlet duct 60 having an inlet 62 and
an outlet 64. In the exemplary embodiment, intercooler 50 1s
coupled axially downstream from booster duct 36 such that
air discharged from booster duct outlet 40 1s channeled
directly into 1tercooler inlet 52.

In the exemplary embodiment, airflow that 1s discharged
from low-pressure compressor 30 1s channeled through inter-
cooler 50 for additional cooling prior to the cooled air being
channeled to high-pressure compressor 16. Accordingly, and
in the exemplary embodiment, intercooler 50 includes a heat
exchanger 70 that has a working fluid 1nlet 72 that 1s coupled
in flow communication with a pump 74 that 1s utilized to
channel a working fluid through heat exchanger 70, and a
working fluid outlet 76 that 1s utilized to discharge the work-
ing tluid from heat exchanger 70. Although only heat
exchanger 70 1s described herein, 1t should be realized that

intercooler 50 may include a plurality of heat exchangers 70
housed therein.

In the exemplary embodiment, cooled airflow discharged
from 1ntercooler 50 1s channeled directly into high-pressure
compressor duct 60 via mlet 62, and then directly into high-
pressure compressor 16 via outlet 62. Accordingly, booster
duct 36 1s configured to channel airflow directly into inter-
cooler 50 and high-pressure compressor nlet duct 60 1s con-
figured to channel cooled airtlow directly from intercooler 50
into high-pressure compressor 16. As such, a plurality of
known pipes and scrolls that are configured to channel the
compressed air from the low-pressure compressor to the
intercooler and then back to the high-pressure compressor,
are eliminated.

(Gas turbine engine assembly 8 further includes at least one
variable bypass valve (VBV) 78 that 1s coupled in tlow com-
munication with booster duct 36 and configured to discharge
airflow from booster duct 36 to atmosphere during predeter-
mined operational conditions. In the exemplary embodiment,
VBYV 78 1s utilized to control the quantity of air flowing from
low-pressure compressor 30 to high-pressure compressor 16.
More specifically, VBV 78 facilitates matching the output
airflow from low-pressure compressor 30 to the input airflow
requirements of high-pressure compressor 16.

Gas turbine engine assembly 8 further includes a free or
power turbine 80 that 1s coupled axially aft of high-pressure
turbine 20, a generator 82, and a shaft 84 that 1s utilized to
couple power turbine 80 to generator 82. During operation,
the combustion gases discharged from high-pressure turbine
20 are utilized to drive power turbine 80 and thus generator 82

via shaft 84.
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(as turbine engine assembly 8 further includes a motor 90
that 1s coupled to low-pressure compressor 30 via a shait 92,
and a control system 100 that 1s utilized to control motor 90
and thus a rotational speed of low-pressure compressor 30.

FIG. 2 1s a block diagram of gas turbine engine control
system 100 shown 1n FIG. 1. In the exemplary embodiment,
motor 90 1s a variable frequency motor, and control system
100 1s a variable frequency drive (VFD) that 1s utilized to vary
a speed and/or frequency of motor 90. In the exemplary

embodiment, VFD 100 includes a diode bridge rectifier 120,
a direct current (DC) filter circuit 122, an imverter 124, and a
control regulator 126. VFD 100 uses pulse width modulation
(PWM) to control electric motor 90. Motor 90 includes a
stator 92 and a rotor 94. Rotor 94 includes a plurality of high
energy density permanent magnets (not shown) that induce a
magnetic field. The PWM {eatures enable the magnmitude of
stator 92 voltage and frequency to be varied via inverter 124.
Varying the voltage and frequency of transmitted power to
stator 92 controls the speed and torque of rotor 94.

In use, rectifier 120 receives a three-phase, alternating cur-
rent (AC) mput signal 128 as the primary power input from
generator 82 for powering stator 92. Rectifier 120 rectifies AC
signal 128 mto a DC signal 130 that may include high fre-
quency components in addition to a DC component. DC
signal 130 1s recetved by filter circuit 122 that removes the
high frequency components and transmits a filtered, smooth
DC output signal 132 to inverter 124. Regulator 126 pro-
cesses a plurality of reference signals 138 and a plurality of
feedback signals 140 and generates signal 136. In one
embodiment reference signals 138 are indicative of desired
motor rotor 94 speed, and feedback signals 140 are indicative
ol actual motor rotor 94 speed. Alternate embodiments for
signals 138 and 140 may include stator current, rotor position,
and stator frequency 1n lieu of or 1n addition to motor rotor
speed, or optionally, the mass tlow rate of the airflow chan-
neled into high-pressure compressor 16.

Inverter 124 receives a plurality of mput control signals
136 from regulator 126. Control signals 136 include a plural-
ity of commands that control inverter 124. Inverter 124 modi-
fies signal 132 based on recerved signals 136 to generate a
plurality of output pulses 134 that are transmitted to stator 92
by modulating signal 134 voltage pulse width and frequency
to stator 92 thereby adjusting the electromagnetic field of
stator 92 as necessary to maintain a predetermined voltage-
to-frequency ratio. The output torque generated by the inter-
action of the magnetic fields of stator 92 and rotor 94 1is
transmitted to rotor 94. The output torque transmitted to rotor
94 15 translated 1nto rotation of rotor 94 wherein the modula-
tion of torque to rotor 94 controls the speed of rotor 94.
Regulator 126 calculates stator 92 winding voltage pulse
width and frequency to operate motor 90 at a desired speed.
The power signal 134 transmitted to stator 92 from inverter
124 increases with lengthened pulse widths that subsequently
increases motor 90 output torque and speed of rotor 94.
Although an exemplary variable frequency motor 90 and
variable frequency drive 100 are described herein, 1t should
be realized that gas turbine engine assembly 8 may utilize a
wide variety of variable speed motors and controllers to facili-
tate driving low-pressure compressor 30.

During operation, core gas turbine engine 10 1s started.
More specifically, a high-pressure compressed air 1s chan-
neled from high-pressure compressor 16 into combustor 18
wherein the compressed air 1s mixed with fuel and 1gnited.
The fuel-air mixture 1s 1gnited to raise the temperature and
energy level of the pressurized air. The high energy combus-
tion products flow to high-pressure turbine 20 for driving
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compressor 16, via drive shait 22, and then to low-pressure
turbine 80 to facilitate driving generator 82 via shaft 84.
Power output from generator 82 is transmitted to a trans-
former 150 to be utilized to drive various electrical compo-
nents, and also to VFD 100 to drive vanable frequency motor
90. More specifically, low-pressure compressor 30 1s not

driven by core gas turbine engine 10, but rather 1s driven by
motor 90 via shait 92, VFD 100 1s utilized to facilitate varying
the speed of motor 90 and thus the speed of low-pressure
compressor 30.

Low-pressure compressor 30 then generates compressed
airflow that 1s channeled into booster duct 36. In one embodi-
ment, the airflow 1s then channeled into intercooler 50.
Optionally, a portion of the airflow 1s channeled to exhaust via
VBYV 78 to facilitate maintaining the desired airflow-pressure
as discussed above. The airflow 1f then channeled from the
intercooler, through inlet duct 60, and into high-pressure
compressor 16.

The above-described gas turbine engine assembly includes
a core gas turbine engine and a variable frequency electric
motor configured to drive the low-pressure compressor. As
such, the low-pressure compressor 1s not driven by an inter-
mediate turbine coupled axially aft of the core gas turbine
engine as currently known, rather low-pressure compressor 1s
driven by an electric motor that 1s powered from a generator
driven by the core gas turbine engine via a power turbine. As
aresult, the low-pressure compressor and the VFD motor may
be constructed on a separate skids, aligned, and shipped tully
functional from the factory to an end user.

Moreover, the gas turbine engine assembly described
herein 1includes an intercooler that 1s substantially concentri-
cally aligned with a centerline axis of the core gas turbine
engine. As such, the compressed air to and/or from the 1nter-
cooler 1s routed through a circular pipe, also aligned substan-
tially concentrically with the engine centerline axis, into the
high-pressure compressor. As such, the airtlow 1s channeled
from the low-pressure compressor along a path that 1s aligned
substantially along the engine centerline axis to the high-
pressure compressor. As a result, the additional pipes and
scrolls that are utilized in at least one known gas turbine
engine to redirect the airtlow to and/or from a remote elimi-
nating the air wrapper.

Additionally, the gas turbine engine assembly described
herein, does not include an intermediate turbine or a turbine
midirame since the low-pressure compressor 1s driven using
the variable frequency motor. Thus the design complexity 1s
reduced, by reducing the quantity of drive shaits, which may
result in reduced costs to fabricate the gas turbine engine
assembly. Moreover, the high-pressure compressor, the high-
pressure turbine and the power turbine may be mounted on a
second skid.

As aresult, the cost of manufacturing the engine described
herein may be substantially reduced by utilizing the variable
frequency drive motor to drive the low-pressure compressor.
Moreover, the compressor scrolls, the booster drive shatt, the
intermediate pressure turbine, and the turbine mid-frame are
all eliminated. Additionally, by coupling the intercooler axi-
ally between the low-pressure turbine and the high-pressure
turbine results in a significant reduction in compressed air
volume between the low-pressure compressor and the high-
pressure compressors, and thus a decreased volume of flow
that 1s vented to atmosphere at loss of load transient. More-
over, since the low-pressure compressor 1s decoupled from
the turbine, the low-pressure turbine may be operated at a
rotational speed that 1s different than a rotational speed of the
core gas turbine engine or the power turbine.
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Exemplary embodiments of a gas turbine engine assembly
are described above 1n detail. The gas turbine engine assem-
bly 1s not limited to the specific embodiments described
herein, but rather, components of the system may be utilized
independently and separately from other components
described herein. Specifically, the variable frequency electric
motor described herein may be utilized on a wide variety of
gas turbine engines.

While the invention has been described in terms of various
specific embodiments, those skilled 1n the art will recognize
that the invention can be practiced with modification within
the spirit and scope of the claims.

What 1s claimed 1s:

1. A method for assembling a gas turbine engine assembly,
said method comprising: providing a first skid including: a
core gas turbine engine including a high-pressure compres-
sor, a combustor, and a high-pressure turbine; and a turbine
generator including a power turbine rotatably coupled to an
clectrical generator such that the power turbine drives the
clectrical generator; providing a second skid including a low
pressure compressor, a variable bypass valve, and a variable
frequency motor, wherein each of the first and second skids 1s
configured to be shipped; coupling the variable bypass valve
between the low-pressure compressor and the core gas tur-
bine engine to facilitate controlling a quantity of air by dis-
charging airflow from the low-pressure compressor to the
atmosphere during predetermined operational conditions;
coupling an intercooler between the low-pressure compressor
and the core gas turbine engine to facilitate channeling air
along a path that 1s aligned substantially along a centerline
axis ol the core gas turbine engine; coupling the electrical
generator to the variable frequency motor such that the vari-
able frequency motor 1s driven by the electrical generator; and
coupling the low-pressure compressor between the core gas
turbine engine and the vanable frequency motor such that the
low-pressure compressor 1s driven only by the motor to facili-
tate supplying compressed air to the high-pressure compres-
SOF.

2. A method 1n accordance with claim 1, wherein coupling
the intercooler between the low-pressure compressor and the
core gas turbine engine facilitates reducing a volume of air
between the low-pressure compressor and the high-pressure
COMpPressor.

3. A method 1 accordance with claim 2 further comprising,
coupling a booster duct between the low-pressure compressor
and the intercooler such that the booster duct 1s substantially
concentrically aligned with a centerline axis of the core gas
turbine engine.

4. A method 1n accordance with claim 3 further comprising
coupling the variable bypass valve 1n flow communication
with the booster duct and upstream of the imtercooler to facili-
tate controlling a quantity of air flowing from the low-pres-
sure compressor to the high-pressure compressor by match-
ing an output airtflow from the low-pressure compressor to an
input airtlow requirement of the high-pressure compressor.

5. A method i accordance with claim 3 further comprising,
coupling a high-pressure compressor inlet duct between the
intercooler and the high-pressure compressor such that the
inlet duct 1s substantially concentrically aligned with a cen-
terline axis of the core gas turbine engine.

6. A method 1n accordance with claim 1 further comprising
coupling a variable frequency drive system to the motor to
facilitate varying a rotational speed of the motor.

7. A method 1n accordance with claim 1 further comprising
coupling a variable frequency drive system to the motor to
facilitate varying a rotational speed of the low-pressure com-
Pressor.
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8. A method 1n accordance with claim 1 further compris-
ng:

coupling a variable frequency drive system to the motor to
facilitate varying a rotational speed of the low-pressure
compressor; and

transmitting power from the generator to the variable fre-
quency drive system to facilitate driving the motor.

9. A gas turbine engine assembly comprising:

a first skid comprising a core gas turbine engine compris-
ing a high-pressure compressor, a combustor, and a
high-pressure turbine and a turbine generator coupled to
said core gas turbine engine, said turbine generator
including a power turbine rotatably coupled to an elec-
trical generator such that the power turbine drives the
clectrical generator; and

a second skid comprising a variable frequency motor, a
low-pressure compressor, and a variable bypass valve,
wherein said electrical generator 1s coupled to said vari-
able frequency motor such that said variable frequency
motor 1s driven by said electrical generator, said low-
pressure compressor coupled between said core gas tur-
bine engine and said motor such that said low-pressure
compressor 1s driven only by said motor to facilitate
supplying compressed air to said high-pressure com-
pressor, wherein said variable bypass valve 1s coupled
between said low-pressure compressor and said core gas
turbine engine to facilitate controlling a quantity of air
by discharging airflow to the atmosphere during prede-
termined operational conditions, wherein each of the
first and second skids 1s configured to be shipped.

10. A gas turbine engine assembly in accordance with
claim 9 further comprising an intercooler coupled between
said low-pressure compressor and said core gas turbine
engine, said intercooler substantially concentrically aligned
with a centerline axis of said core gas turbine engine.

11. A gas turbine engine assembly in accordance with
claim 10 further comprising a booster duct coupled between
said low-pressure compressor and said intercooler such that
said booster duct 1s substantially concentrically aligned with
a centerline axis of said core gas turbine engine.

12. A gas turbine engine assembly 1n accordance with
claim 11, wherein said varniable bypass valve 1s coupled 1n
flow communication with said booster duct and upstream of
said 1ntercooler, said variable bypass valve configured to
control a quantity of air flowing from the low-pressure com-
pressor to the high-pressure compressor by matching an out-
put airtlow from the low pressure compressor to an input
airflow requirement of the high-pressure compressor.

13. A gas turbine engine assembly in accordance with
claim 11 further comprising a high-pressure compressor inlet
duct coupled between said intercooler and said high-pressure
compressor such that said inlet duct 1s substantially concen-
trically aligned with a centerline axis of said core gas turbine
engine.

14. A gas turbine engine assembly 1n accordance with
claim 9 further comprising a variable frequency drive system
coupled to said motor, said drive system configured to vary a
rotational speed of said motor.

15. A gas turbine engine assembly in accordance with
claim 9 further comprising a variable frequency drive system
coupled to said motor, said drive system configured to vary a
rotational speed of said low-pressure compressor.

16. A gas turbine engine assembly in accordance with
claim 9 further comprising:

a variable frequency drive system coupled to said motor to

facilitate varying a rotational speed of said low-pressure
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compressor, said generator configured to transmit power
to said variable frequency drive system to facilitate driv-
ing said motor.
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